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IN THE CLAIMS 

Please amend tbe claims as follows: 

1. (Currently Amended) A system for controlliag the physical behavior of an apparatus, the 
behavior of the apparatus estimated by an imtial behavioral model, the system 
comprisiogj 

a sensor element located in proximity to the apparatus for acquiring data that 
accurately characterizes the physical behavior of the machine component indicative of 
the physical behavior of the apparatus^ the data measuring occurring d uring an, abnormal 
period triggered bv an event the measured data being indicative of the behavior of the 
machine component when in normal use: 

a system processor which incliades a tunable controller based on the initial 
behavioral model, the processor capable of generating a drive signal, estimating a 
behavioral models tuning and adjusting ftie controller and generating a control signal, 

wherein the processor adapts the initial model to an updated model based upon 
the acquired data, combines the updated model with a tmiversal filter to create a relation 
that describes the behavior of the apparatus and creates a controller based on the relation 
such that the controller is tuned according to the tpiated model, and 

wherein the control signal generated by the processor according to the controller 
is used to control the physical behavior of the apparatus. 

2. (0rieiijal) The system of claim 1, wherein the drive signal causes motion in the 
apparatus. 

3. (0rigin:al) The system of claim 1, wherein the relation is formvJated as an optimal control 
problem. 

4. (OngmsH) The system of claim 3, wherein the relation is solved by a method chosen from 
the group of methods consisting of: linear quadratic Gaussian (LQG), H-infinily and ji- 
synthesis. 
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5. (Qrigioal) The system of dajm 1, wherein the umversal filtea: includes a set of numbers 
provided by a user of the system. 

6. (Previously Amended) The sj^stem of claim 1, wherein the universal filter is 
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where Ei, E2, and E3 are filters that specify the relatioxiship between at least one 
performance variable, z, and at least one disturbance, w, at least one controller output, u, 
and at least one plant output;, s, and Fj and Di are filters that specify the relationship 
between at least one plant input, r, and at least one disturbance, and at least one 
controller output, u, and F5 and D2 are filters that specify the relationship between at least 
one controller input and at least one disturbance, w, and at least one plant output, s. 

7. (Previously amended) The system of claim 1 wherein the controller is a digital signal 
processor (DSP). 



8. (Previously Ameiujed) The System of claim 1 further comprising a second processor in 
data communication with the system processor, 

9. (Original) The system of claim 8, wherein the second processor is portable fiom the 
location of the system processor* 

10. (Original) The syst^ of Claim 1, wherein the system begins acquiring data upon 
occurrence of a predefined event. 

lL(Orieiiifll) The system of claim 10, wherein the predefined event is an event selected 
from the group of events consisting of: input received jfcom an operator, exceeding a 
threshold operating value in the apparatus, and the passage of a predetermined length of 
time. 
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12. (Original) The system of claim 1 , fiiriiier comprising an actuator in electrical 
comminucation witti the system processor, wherein the drive signal causes activation of 
the actuator and wherein the actuator is located such that the physical behavior of the 
^paratus is modified by the activation of the actuator. 

13- (Original) The system of daixa 12, wherein transfer function data is collected between 
the actuator and the sensor element 

14- (OxT^inal) The System of claim 13, wherein tixe sensor element gathers frequency data 
and wherein the accuracy of the updated model is adjustable as a function of the gathered 
frequency data. 

15. (Original) The system of claim 1, wherein the system processor further includes a 
^ signal conditioner. 



16. (QrigmaI) The system of claim 1, wherein the system processor further includes a signal 
amplifier. 

17. (Origbai) The system of claim 1, wherein the updated model is a model of minimal 
order. 

18. (Curontly amesnded) A system for Controlling the physical behavior of an apparatus, the 
behavior of the apparatus estimated by an initial behavioral model, the system 
comprising: 

a sensor element located in proximity to the apparatus for acquiring data 
indicative of the physical behavior of the apparatus; 

a system processor which includes a tunable controller based on the initial 
behavioral tnodel, the processor capable of generating a drive signal, estimating a 
behavioral model, tutdug and adjusting the controller and getxerating a control 
signal, 
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wherem the processor adapts the initial model to an updated model based 
upon the ac<juired data, combines the updated model with a universal filter to 
create a relation that describes flie behavior of the apparatus and creates a 
controller based on the relation such that the controller is tuned according to the 
updated model, ced 

wherein the control signal generated by the processor according to the 
controller is used to coflitrol the physicd behavior of the apparatusiand 

wherein the relation is a multivariate and fijlly coi5)led. 

19- (Original) The system of daim 1, wherein the processor creates the updated 
model by non-linear curve-fitting thereby describing the updated model by a 
known mathematical equation according to the data gathered by the sensor. 

20* (Original) The systetn of claim 19, wherein an error function is associated with 
the known mathematical equation, the error function including log magnitude and 
phase infoimatioiL 

2 1 , (Currendy amended) The system of claim 1 3 , wherein the logarithmic error 
between the collected data and the initial behavioral model is: 

where 6 is a vector of parameters which describe the model, 9 is the firequency 
response of the model fi^m actuator j to sensor i measured at frequency f^, ^^^^ is the 
measured frequency response from actuator j to sensor i measured at frequency fk H [J P 
is the number of sensors, q is the number of actuators, and N is the number of frequency 
points of interest 

22, (Cunnently Amfinded) A system for governing a controller of - thc - typc usable to dictate 
motion of a machine component in normal use, comprising: a sensor which measures data 
that accurately characterizes the physical behavior of the component, the da.ta measuring 
occurring during an abnormal period triggered by an event, the measm-ed data being 
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indicative of the behavior of the machitie component when in nonnal use; and a signal 
processor which dynamically generates and uses a multivariable, fully-coupled 
mathematical relation of minimal order in conjianction with a -universal filter to create a 
controller, the controller dictating motion after the alinormal period has ceased and when 
the eqmpment component is in normal xise, 

23. (Original) The system of claim 22, wherein the mafliematical relation provides an 
accurate model of the normal motion characteristics of the equipment component and the 
controller is created by usii^ a method chosen from the group of methods consisting of: 
linear quadratic Gaussian (LQG), H-infinity and ^-synthesis. 



24. (Oiigmal) The system of claim 23, wherein the mathematical relation includes at least 
one parameter for governing the controller and wherein the parameter is a function of 
data measured by the sensor. 



25. (Currently Amended) A method for governing motion in a physical system, the physical 
system being estimated by an initial behavioral model, comprising the stqps of 
inducing motion in the physical systemj; 

measuring frequency data which accurately characterizes a physical 
behavior of the system, comprising t he motion in the system, indicative of the 
physical behavior of the system, the data measuring occurring during an abnormal 
period triggered bv an evenL the measxired data being indicative of the behavior 
of the machine component when in normal use: 

updating the initial behavioral model to create an updated behavioral 
model which accurately confiarms to the naeasuxed data^ using the updated 
behavioral model in conjunction with a universal filter to create a command 
stmcture and applying appropriate stimulus to the system to cause motion in the 
physical system, thereby causing the physical system to behave in accordance 
with the command structure. 



26. (Originfll) A method for creating an updated model for the motion 
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dharacteristics of a physical systen from a previously stored model of the system, 
the updated model govenring the actions of a system controller wMch dictates 
motion in the physical system, comprising th^ steps of: detecting the occurrence 
of a start event; gathering data relating to the motion charactOTStics of the 
physical system; updating the stored model by comparing the gathered data to the 
stored model; and iteratively adapting the stored model until the stored model 
predicts the motion characteristics of the system according to the gathered data; 
and storing the updated model at an dectronic memory location accessible to the 
system controller. 

21. (Previously Amended) The method of cl^iim 26, wherdn the step of gathering data 
comprises acquiring a frequency response to an iDduced motion to the physical system. 

28. (Previously Amended) The method of claim 26, wherdn the step of comparing the 
gathered data comprises fitting a non-linear curve to the gathered data. 

29. (Cunttntly amended) A method for controlling movement of a mechanical apparatus 
based on the spatial location of a movable portion of the mechanical apparatus, the 
movement of the portion initially estimated by a first mathematical model and governed 
by a fiirst controller which is based on the first mathematical model and a mathematical 
filter, comprising the steps of: 

measuring frequency data which accuratelv characterizes a physical 
behacvior of the apparatus, comprising the motion in the svstem, indicative of the 
physical behavior of the apparatus, the data measuring occuning during an 
abnormal period triggered by an event the measured data being indicative of the 
behavior of the machine component when in normal use: 

introducing a first signal to induce motion in the movable portton; 
measuring the motion and spatial location of Ae movable portion in response to 
the first signal; 

updating the first mathematical model to generate a second mathematical model 
which ^proximates the motion of the movable portion and updating the first controller 
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using the second matbematical model and the filter to create and solve an optimal control 
problem and thereby generate a second controller, such that the motion induced when a 
second signal is applied to the mechanical apparatus is well-predictcd. 

30^(CuCTeiitly ammded) A method of creating & controller of Ifao typo employed by a user to 
govaci;i motion in a physical system comprising the steps of; generating an identification 
of the system by measuring the response of the system to commands; accepting input 
fiom the user specifying certain parameters of the system; applying a imiversal filter to 
the input fix)m the user to create a user-defined beliavioral range for the physical system; 
creating a problem specification fix)m the identification of the system and the behavioral 
raoge; and solving tiie problem specification, thereby creatiiig the controller. 

3 1 ,(Ciirreiitly amended) A system for creating a controller of flic type used by a user to 
govern motion in a physical system comprising: means for generating an identification of 
the system by measticing the response of the system to commands; means for accepting 
input from the user specifying certain parameters of the system; means for applying a 
universal filter to the input fit>m the user to create a user-defined behavioral range for the 
physical system; means for creating a problem specification fi-om the identification of the 
system and the behavioral range; and means for solving the problem specification, 
thereby creating the controller. 

32, (Cummtiy amended) A system for controlling the physical behavior of an apparatus, the 
behavior of the apparatus estimated by an initial behavioral model, the system 
comprising: 

a seosor element located in proximity to the apparatus for acquiring data 
indicative of the physical behavior of the apparatu s, which accurately 
characterizes anhvsical behavior of the anoaratus. comprising the motion in the 
apparatus, indicative of the physical behavior of the system, during a pmod when 
the apparatus is not in normal operation; 

a system processor whidi includes a tunable controller based on the itdtial 
behavioral model, tiie processor capable of generating a drive signal, estimating a 
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behavioral model, tuning and adjustiiig the controller and generating a control 
signal, 

wherein the processor adapts the initial model to an updated model based 
upon the acquired data, combines the updated model with a universal filter to 
create a relation that describes the behavior of the apparatus and creates a 
controller based on the relation such that the controller is tuned according to the 
updated models and 

wherein the control signal generated by the processor according to the 
controller is used to control the physical behavior of the apparatus. 

33*{Previottsly added) A system for governing a controller of the type usable to dictate 
motion of a machine component in normal use, comprising: a sensor which measaires data 
that accrurately characterizes the physical behavior of the component, the data measruiing 
occurring during an abnormal period triggered by an event during which the ph5rsical 
behavior of the component is stimulated by preselected control signals, the measxired data 
being indicative of iihe behavior of the machine component when, in normal use, under the 
influence of the preselected control sigiials; and a signal processor which dynamically 
geaerates and uses a multivariable, fiilly-^couplcd mathematical relation of minimal order 
in conjunction with a universal filter to create a controller, the controller dictating motion 
after the abnormal period has ceased and when the equipment component is in normal 
use. 

34*(CuiTentiy amended) A method for governing motion in a physical system, the physical 
system being estimated by an initial behavioral model, comprisixtg the steps ofe 

inducing motion in the physical system during a period when the piiysical 
system is not in normal operation!^ 

measuring frequency data which accurately c haracterizes anhvsical 
behavior of the ^aratus. comprising the motion ixk the system indicative of the 
physical behavior of the apparatus, the data measuring occurring during an 
abnormal pisriod triggered by an event, the measured datajbeing indicative of the 
behavior of the machine component when in normal use [i^ 
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updating the initial behavioral model to create an updated beliavioral 
modd which accurately confonns to the measured datat^^ 

using the updated behavioral model in conjuiiction with a tioiversal filter 
to create a corrumand structuretT^and 

applying ^ppiropriate stimulus to the syst^ to cause motion in the 
physical system, thereby causing the physical system to behave in accordance 
with the command structure- 



35. (Previously added) A method for creating an updated ijiodel for the motion 
characteristics of a physical system from a previously stored model of the system, the 
updated model governing the actions of a system controller which dictates motion in the 
physical system, comprising the steps of: detecting the occurrence of a start event; 
gathering data relating to the motion characteristics of the physical system durixig a 
period when the physical system is not in operation based upon preselected induced 
control signals; updating the stored model by comparing the gathered data to the stored 
model; and iteratively adapting the stored model until the stored model predicts the 
motion characteristics of the system according to the gathered data; and storing the 
updated model at an electronic memory locatioti accessible to the system controller. 



36. (Ciinently amended) A method for controlling movement of a mechanical apparatus 
based on the spatial location of a movable portion of the mechanical apparatus, the 
mo vement of the portion initially estimated by a first mathematical nxodd and governed 
by a &st controller which is based on the first mathematical model and a mathematical 
filter, comprising the steps of: 

introducing a first signal to induce motion itt the movable portion during a 
period of time when the mjechanical apparatus is not in normal operation; 

measuring data which accurately characterizes a physical behavior of the 
apparatus, comprising t he motion and spatial location of the movable portion in 
response to the first signal which accurately characterizes a physical behavior of 
the apparatus, comprising the motion in the system indicative of the physical 
behavior of the apparatus, the data measuring occurring during ar> abnormal 
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period triggered bv an event the meagored data being iadicativ& of the b ehavior 
of the machine component when in nortnal use : 

updating the first mathematical model to generate a second mathematical 
model whicb approxinates the motion of the movable portion and updating the 
first controller using the second mathematical model and the filter to create and 
solve an optimal control problem and thereby generate a second controller, such 
that the motion induced when a second sj^a lcQntroUer i s applied to the 
mechanical apparatus is well-predicted, 

37. (Previously added) A method of creating a controller of the type employed by a user to 
govern motion in a physical system comprising the steps of: generating an identification 
of tiie system by measuring the response of the system to commands during a period of 
time when the physical system is not in operation based upon preselected commands; 
accepting input from the user .speci&dng certain parameters of the system; applying a 
universal filter to the input from the user to create a user-defined behavioral range for the 
physical system; cieating a problem specification from the identification of the system 
and the behavioral range; and solving the problem specification, thereby creating the 
controller. 

38. (Previously added) A system for creating a control^ of the type used by a user to 
govern motion in a physical system comprising: means for generating an identification of 
the system by measuring the response of the system to commands during a period of time 
when the physical system is not in normal operation based upon a plurality of preselected 
commands; means for accepting input from the user specifying certain parameters of the 
system; means for flying a universal filter to the input fipom the user to create a usej:- 
defined behavioral range for the physical system; means for creating a problem 
specification fix>m the identification of the system and the behavioral range; and means 
for solving the problem specification, thereby creating the controller, 

39. (Previously added) A system for creating a controller of the type used by a user to 
govern motion in a physical system comprising: 
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controller means for injection motion control signals to govern motion to the 
physical system having feedback to the controller means; 

means for disabling the controller means and substituting a temporary control 
signal generator injection preselected control signals into the physical system to enable 
measuremeaat of response to the preselected control signals; 

means for generating an update of a preexisting model of the physical system 
based upon the measured responses; 

means for using the updated model along vdHh a universal filter for generating a 
new controller means by computing new controller variables; and, 

means for connecting the new conlioller means to the physical system. 

40. (PrtrviQusly added) The £^paratus of claim 39 further comprising: 

the means for generating a new controller includes means for downloading the 
computed new controller variables to &e existing controller means, 

41. CPjreviously added) The apparatus of daim 40 furfhex comprising: 

the new controller variables are controller gains. 

42. (Currcaatiy amended) A method for creating a controller of the type used by a user to 
govern motion in a physical system comprising: 

injecting motion control signals to govern motion in the physical system having 
feedback to a contrallcr injecting the motion control signals; 

disabling the controller and substituting a temporary control signal generator 
injecting preselected control signals into the physical system to enable measurement of 
lesponse to the preselected control signals; 

measuring data which accurately characterizes a physical behavior of the physical 
system, comprising the motion of the physical system in response to the motion control 
signal which accuratdv characterizes a physical behavior of the physical svstenu 
comprising the motion in the physical system indicative of the physical behavior of the 
physical system, the data measuring occurring during an abnonnal period trigrpered by an 
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event the measured data being indicative of the behavior of the phys ical systenr^ when iA 
noimal use; 

generating an update of a preexisting modd of the physical system based upon the 
measured responses; 

using the updated modd along with a universal filter for generating a new 
controller by computing new controller'variables; and, 

connecting the new controller to the physical system, 

43. (Previcmsly added) The method Of claim 42 further comprising: 

the step of generating a new controller includes downloading the computed new 
controller variables to the existing controller. 

44. (Previcrtisly added) The £^aratu3 of claim 43 fiirther comprising: 

the new controller variables are controller gains. 

45. (New) A system for controlling the physical behavior of an apparatus, the behavior of 
the apparatus estimated by an initial behavioral model, the system comprising: 

a sensor element located in proximity to the apparatus for acquiring data 
indicative of the physical behavior of the apparatus; 

a system processor which includes a tunable controller based on the initial 
behavioral model, the processor capable of generating a drive signal, estimating a 
behavioral model, tuning and adjusting the controller and generating a control 
signal, 

wherein the processor adapts the initial model to an updated model 
based upon the acquired data, combines tiie updated model with a 
universal filter to create a relation that describes the behavior of flie 
apparatus and creates a controller based on the relation such that the 
controller is tuned according to the updated model, 

and wherein the control signal generated by the processor 
according to the controller is used to control the physical behavior of the 
apparatus; and 
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wherdn the universal filter is 
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where Ei, Ej, and 63 are filtets tiiat specify the relationship 
between at least one performance variable, z, and at least one 
disturbance, w, at least one controller output, u, and at least one 
plant output, s,-and Fj and Di are filters that specify the 
relationship between least tme plant taput, r, and at least one 
disturbmice, w,, and at least one controller output, u, and F2 and D2 
are filters that specify the relationship between at least one 
controllOT input and at least one disturbance, w, and at least one 
plant output, s. 

46, (New) A system for controlling the physical behavior of an apparatus, the behavior of 
the apparatus estimated by an initial behavioral model, the system comprising: 

a sensor elanent located in proximity to the apparatus fixr acquiring data 
indicative of the physical behavior of the apparatus; 

a system processor which includes a tunable controller based on the initial 
behavioral model, the processor enable of generatijo^ a drive signal, estimating a 
behavioral model, tuning and adjusting the c?ontroller and generating a control signal, 

whci^ the processor adapts the initial model to an updated model based upon 
the acquired data, bv dvnamicallv generating a multivariable. fullv-coupled mathematical 
relation of minimal order, and combines the updated model with a universal filter to 
create a relation that describes the behavior of the apparatus and creates a controller 
ba^ed on the relation such that the controller is tuned according to the updated model, and 

wherein the control signal generated by the processor according to the controller 
is used to control the physical behavior of the apparatus. 

47. (New) A method for governing motion in a physical system, the physical system being 
estimated by an initial behavioral model, comprising the steps of: 
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mducing motion in the physical system, measuring frequency data which 
characterizes tfie motion in the system^;] 

Updating the initial behavioral model to create an updated behavioral 
model which accurately coixfbnns to the measured data[^;] 

using the updated behavioral model 10 conjunction with a universal filter 
to create a command structure by dynamically generating a multivaiiable, fully 
coupled mathematical relation of minimal order, and 

applying appropriate stimulus to the system to cause motion in the 
physical system, thereby causing the physical system to behave in accordance 
with the coxnmand structure, 

48. (New) A method for controlling movement of a mechanical apparatus based on the 
spatial location of a movable portion of the mechanical apparatus, the movement of the 
portion initially estimated by a first mathematical model and governed by a first 
cotLtroller which is based on the first mathematical model and a mathematical filter, 
comprising the steps of 

introducing a first signal to induce motion in the movable portion; 
measuring the motion and spatial location of the movable portion in response to 
the first signal; 

updating the first mathematical model to generate a second mathematical 
model which approximates the motion of the movable portion and updating the 
first controller using the second xuathematical model and the filter by dynamically 
generating a multivariable, &lly coupled mathematical relation of minimal order, 
to create and solve an optimal control problem and thereby generate a second 
controller, such that the motion induced when a second signal is applied to die 
mechanical apparatus is well-predicted. 

49, (New) A sysftem for controlling the physical behavior of an apparatus, the behavior of 
the apparatus estimated by an initial behavioral model, the system comprising; 
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a sensor elemexit located in proximity to the apparatus for acqiiiiing data 
mdicative of the physical behavior of the apparatus during a period when Ihe 
apparatus is not in normal operation; 

a systfiim processor which includes a tunable controller based on the loitial 
behavioral model, the processor capable of geoeratbag a drive signal, estimating a 
behavioral model, tuning and adjusting the controller and generating a control 
signal, 

wherein the processor adapts the initial model to an updated model based 
upon tbe acquired data, by dynamically generating a multivariable, fuUy-ooitpled 
mathematical relation of minimal order, and combines the updated model witii a 
universal filter to create a relation that describes the behavior of the apparatus and 
creates a oonttxiUer based on the relation such that the controller is tuned 
accordittg to the updated model, and 

wherein the control signal generated by the processor according to the 
controller is used to control the physical behavior of the apparatus, 
50.(New) A method for governing motion in a physical system, the physical system being 
esthnated by an initial behavioral model, comprising the steps of: 

inducing motion in the physical system during a period when the physical 
system is not in normal operation^ measuring firequenoy data which characterizes 
the motion in the system; 

updating the initial behavioral model to create an updated behavioral 
model which accurately confbnns to the measfured data by dynamically generating 
a multivariable, fully-coupled mathematical relation of minimal order, and 
combining the updated behavioral model with a universal filter; 

using the updated behavioral model in conjunction with a universal filter 
to create a conimand structure; and 

applying appropriate stimulus to the system to cause motion in the 
physical system^ thereby causing the physical system to behave in accordance 
with the command structure. 
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51 . (Now) A method for controUmg movement of a mechanical apparatus based on fhe 
spatial location of a movable portion of the mechanical apparatus, the movement of the 
portion ioitiaUy estimated by a first niathematical model and govraied by a first 
controller which is based on the first mathematical model and a mattiematical filter, 
comprising the stqps of: 

introducing a first signal to induce motion in the movable portton during a 
period of time when the mechanical apparatus is not in normal operatioii; 

measuring the motion and spatial location of the movable portion in 
response to the first signal; 

updating the first mathematical model to generate a second mathematical 
model which approximates the motion of the movable portion by dynamically 
generating a multivariable, fuUy-coupled mattxematical relation of minimal order, 
and updating the first controller using the relation and the filter to create and solve 
r an optimal control problem and thereby generate a second controller, such that the 
motion induced when a second signal is applied to the mechanical apparatus is 
well-predicted. 

52. (New) A method for creating a controller of the type used by a user to govern motion 
in a physical sj^stem comprising: 

injecting motion control signals to govern motion in the physical system having 
feedback to a controller injecting the motion control signals; 

disabling the controller and substituting a temporary control signal generator 
injecting preselected control signals into the physical system to enable measurement of 
response to the preselected control signals; 

generating an update of a preexisting model of the physical system based upon the 
measured responses by dynamically generating a multivariablCj fiilly-coupled 
mathematical relation of minimal order; 

using the updated model along with a universal filter for generating a new 
conttoller by computing new controller variables; and, 

coimecting the new controller to the physical system- 
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53,Cbrew) A method for governing motion in a plxysical system, the physical system bettig 
estimated by an initial behavioral model, comprising the steps of: 

inducing motion in the physical system, measuring frequency data which 
characterizes the motion in the system; 

updating the initial behavioral model to create an updated behwioral 
model which accurately conforms to the measured data; 

using the updated behavioral model in conjunction with a urdversal filter 
to create a command structure and applying ^propriate stimulus to the system to 
cause motion in the physical system, thereby causing the physical system to 
behave in accordance with the command structure; 

wherein the universal filter is 



a.' 






£4 














0 




J. 













where Ei, Ej, and E3 are filters that specify the relationship 
between at least one performance variable, z, and at least one distufbancej 
W5 at least one controller output, u, and at least one plant output, s, and Fi 
and Di are filters that specify the relationship between at least one plant 
input, r, and at least one disturbance, w, and at least one controller output, 
u, and F2 and Di are filters that specify the relationship between at least 
one controller input and at least one disturbance, w, and at least one plant 
output, s- 

54. (New) A tnethod for controlling movement of a mechanical apparatus based on the 
spatial location of a movable portion of the mechanical apparatus, the movement of the 
portion initiaUy estimated by a first mathematical model and governed by a first 
controller which is based on the first mathematical model and a mathematical filter, 
comprisii^g the steps of: 

introducing a first signal to induce motion in the movable portion; 

measuring the motion and spatial location of the movable portion in. response to 

the first signal; 

18 

PAGE20/31*RCVDAT9/1S/20044:39:14PNlpsternDayligM 



SEP .15. 2004 1 : 02PM 



NO. 976 P. 21 



USSN 09/896,689 
Attomey Docket No. 2001'.0093-01 

updating the first mathematical model to generate a second mathematical 
model which approximates the motion of the movable portion and irpdating the 
first controller using the second mathematical model and the filter to create and 
solve an optimal control problem and thereby generate a second controller, such 
ttiat the motion induced when a second signal is applied to the mechanical 
apparatus is well-predicted; 

wherein the universal filter is 



^ ^ ^ 



where Ei, £2, and B3 are filters that specify the relationship 
between at least one perfoimance variable, 2, and at least one disturbance, 
w, at least one controller output, u, and at least one plant output, s, and Fi 
and Dj are filters that specify the relationship between at least one plant 
inputs ty and at least one disturbance, and at least one controller output, 
u, and F2 and D2 are filters that specify the relationship between at least 
one controller input and at least one disturbance, w, and at least one plant 
output, 5. 



55, (New) A system for controlling the physical behavior of an ^paratus, the behavior 
of the apparatus estfanated by an initial behavioral model, the system comprising: 

a sensor element located in proximity to the apparatus for acquiring data 
indicative of the physical behavior bf the apparatus during a period when tlxe 
apparatus is not in normal operation; 

a system processor which includes a tunable controller based on the initial 
behavioral model, the processor capable of generating a drive signal, estimating a 
behavioral model, tuning and adjusting the controller and genCTating a control 
sig^ial; ^ 

wherein the processor adapts the initial model to an updated model based 
upon the acquired data, combines the updated model witii a universal filter to 
create a relation that describes the behavior of the apparatus and creates a 
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controller based On the relation such that the controUer is tuned according to the 
updated model;' and 

wherein the control signal generated by the processor according to the 
controller is used to control the physical behavior of the apparatus; 

wherein the universal filter is 
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where Ei, E2, and E3 are filters that specify the relationship 
between at least one performance variable, z, and at least oxxe disturbance, 
w, at least one controller output, u, and at least one plant output, s, and Fi 
and Di are filters that spedfy the relationship between at least one plant 
input, r, and at least one disturbance, w, and at least one controller output, 
u, and F2 and D2 are filteis that specify the relationship between at least 
one controller input and at least one disturbance^ w, and at least one plant 
output, s. 

56, (New) A method for governing motion in a physical system, the physical system 
being estimated by an initial behavioral model, comprising the steps of; 

inducing motion in the physical system during a period when the physical 
system is not in noroial operation^ measuring fiequeacy data which diaractcrizes 
the motion in the system; 

updating the initial behavior^ model to create an updated behavioral 
model which accurately confoims to the measured data; 

using the updated behavioral model in conjunction witli a universal filter 
to create a command stnicture and applying appropriate stimulus to the system to 
cause motion in the physical system, thereby causing the physical system to 
behave in accordance with the command structure; 

wherein the univexsal filter is 
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where El, E2, and E3 are filters that specify ttie relationship 
between at least one performance variable, z, axwJ at least one disturbance, 
w, at least one oontraUer output, u, and at least one plant ontput, s, and Fi 
and Di are filters that specify the relationship between at least one plant 
input, r, and at least one disturbance, w, and at least one controller output, 
u, and F2 and D2 are filters that specify the relationship between at least 
one controller ii^t and at least one disturbance, w, and at least one plant 
output, s. 

57, (New) A method for controlling movement of a mecshanical apparatus based on the 
spatial location of a movable portion of the mechanical apparatus, the movement of the 
portion initially estimated by a first mathematical model and governed by a first 
controller which is based on the first mathematical model and a mathematical filter, 
comprising Ihe steps of; 

introducii^ a first signal to induce motion in the movable portion dtodng a 
period of time when the mechanical apparatus is not in normal operation; 

measuring the motion and spatial location of the movable portion in 
response to the first signal; updating the first mathematical model to generate a 
second mathematical model which approximates the motion of the movable 
portion and updating the first controller using the second mathematical model and 
the filter to create and solve an optimal control problem and thereby generate a 
second controller, such that the motion induced when a second signal is applied to 
the mechanical ^paratus is well-predicted; 
wherein the universal filter is 
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where El, Ex, ami E3 are filters that specify the relationship 
betwem at least one perfonnaiice variable, z, and at least one disturbance, 
w, at least one controller output, u, and at least one plant output, s, and Fi 
and Di are filters that specify the relationship between at least one plant 
input, r, and at least one disturbance, w, and at least one controller output, 
u, and F2 and D2 are filters that specify the relationship betw^een at least 
one controller input and at least one disturbance, w, and at least one plant 
output, s. 

58. (New) Amethodfor creating a controller ofthe type used by a user to govern 
motion in a physical system comprising: 

injecting motion control signals to govern motion in the physical sj^em having 
feedback to a controller injecting flie motion control signals; 

disabling the controller and substituting a temporary control signal generator 
injecting preselected control signals into the physical system to enable measurement of 
response to the preselected control signals; 

generating an update of a preexisting model of the physical system based upon the 
measured responses; 

using the x^ated model along with a universal filter for generating a new controller by 
computiog new controller variables; and, 
connecting tiie new controller to the physical system; 
wherein the uiuversal filter is 



'5' 
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where Ei, Ea, and E3 are filters that specify the relationship between at least one 
performance variable, 2, and at least one disturbance, w, at least one controller output, u, 
and at least one plant output, and Fi and Di are filters that specify tiie relationship 
between at least one plant input, r, and at least one disturbance, w, and at least one 
controller output, u, and F2 and D2 are filters that specify the relationship between at least 
one controller input and at least one disturbance, w, and at least one plant output, s. 
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59. (New) The systetn of claim 45, wherein the relation is solved by a method chosen 
from the groiqj of methods consisting of: linear quadratic Gaussian (LQG), H-inJSnity and 
l-i-synthesis- 

60. (New) nie system of claim 45, further comprising an actuator in electrical 
communication with the system processor, wherein the drive signal causes activation of 
the actuator and wherein the actuator is located such that the physical behavior of the 
apparatus is modified by the activation of the actuator. 

61. (New) The system of claim 60, tvherein transfer function data is collected between 
the actuator and the sensor element. 



62. (New) The system of claim 1, wherein the processor creates the updated model by 
non-linear curve-fitting thereby describing the updated model by a known mathematical 
equation according to the data gathered by the sexxsor, 

63. (New) The system of claim 62, wherein an error fonction is associated with the 
known mathematical equation, the error function including log magnitude and phase 
information. 

64. (New) The system of claim 63, wherein the logaritinnic error between the collected 
data and the initial behavioral model is: 

where 0 is a vector of parameters which describe the model, 9 is the 
fi-equency response of the model from actuator j to sensor i measured at firequency fic, 

is ttie measured firequenoy response fi:om actuator j to sensor i measured at 
frequency fk [-] [J p is the number of sensors, q is the number of actuators, and N is the 
number of frequency points of interest. 
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